During the image edge detection with mathematical morphology, using single form and single scale of structural element will lose the information of other forms of elements. And the ability of anti-noise is weak. An adaptive algorithm for image edge detection based on multistructural and multi-scale is proposed in this paper. For single form of structural element, we add weight coefficients on each result of different scale elements according to the inverse ratio of information entropy. For single scale of structural element, we add weight coefficients on each result of different form elements according to the direct ratio of information entropy. At last, we construct a series-parallel form of edge detector according to the algorithm process and get the final edge image after the fusion of edge images. The experiment shows that the improved algorithm not only can retain rich edge information but also has good performance to remove the noise.
Introduction
The edge of image is one of the basic characteristics of image and edge detection is very important in image processing. In gray image, image edge reflects the discontinuity of gray and contains important information of image. Many applications which include feature extraction, segmentation and match of image need to use the edge information of image. There are many algorithms for image edge detection, for example, the classical edge detection algorithms like Roberts, Sobel and Prewitt [1] [2] [3] . The computational speed of these operators is faster, but ability of anti-noise is weak and the edge details are not complete. The Canny operator based on optimization algorithm was proposed in 1986 [4] , it makes anti-noise performance and precision reach a certain balance. The disadvantage is the large amount of calculation, so the efficiency of computation is low and performance of real-time is poor. In recent years, there are some popular algorithms such as Neural Networks, Fractal Theory and Wavelet are also used in the field of edge detection but the disadvantage is that the generality and the ability to suppress noise are weak.
Mathematical morphology is a new nonlinear image processing technique and the focus is geometric relationship of image [5] . Mathematical morphology is based on strict mathematical theory and geometry .The algorithm is simple and it has the advantage of parallel processing so the speed of operation is fast. The geometric attribute of image geometric attributes is the focal point of the algorithm [6] . Due to different shapes of structure elements have different attributes of nature, so the algorithm can maintain the rich natural features of image by determining the relationship between each part of image according to them [7] . At the same time, for different forms of noises, the diversity of structural elements can also guarantee the edge detection algorithm has corresponding anti-noise operator for each kind of noise [8] .
But single form and single scale structure element have limitations in the complex image edge detection. They are easy to lose the information of the other geometry. And to the image which has different strength of noise, the ability of anti-noise is weak. Aiming at this problem, many scholars have published a lot of research achievements. An edge detection algorithm based on multi-form structure elements is proposed in literature [9] .The advantages of this algorithm is that it has a better performance on edge detection to the image which has several kinds of noises. An edge detection algorithm based on multiscale structural elements structure elements is proposed in literature [10] .The advantages of this algorithm is that it has a better performance on edge detection to the image which has several kinds intensities of noise. Although the edge detection algorithms above increase the ability of anti-noise to a certain extent, they didn't consider for a single form element, the information entropy is different for the detection of each kind of scale, so the ability for filtering noise and retention of edge details is not same. Small scale structure elements can filter most of the noise information, but the information entropy is small; more edge details can be maintained by large scale structure element, but it contains a lot of noise information, so the information entropy is big. In this paper, for multi-form structure elements, we use direct ratio of information entropy to determine weight coefficient. And for multi-scale structural elements, we use inverse ratio of information entropy to determine weight coefficient. Then we fuse the edge detection of images by series-parallel edge detector which is designed in this paper. Then we get the final image which is the fusion of different scales and structures of edge detection information [11] . The simulation results show that the improved algorithm not only can better keep the edge information, but also has good performance of anti-noise.
The rest of this paper is organized as follows: The second part is the modeling of morphological edge detection in gray-scale. The principle and calculation formula of the improved algorithm is elaborated in the third part. The fourth part is the simulation and performance evaluation of the improved algorithm. The fifth chapter is the summary of the paper.
The Modeling of Mathematical Morphology in Edge Detection
Initially, mathematical morphology is used for binary image, and gray-scale morphology is an extension of the binary morphology on the gray space [12] . In traditional edge detection of gray-scale morphology [13] , ( )
The expansion operator of edge detection which uses single form and single scale structural element is:
The corrosion operator of edge detection is: The operator of morphological gradient is:
The improved algorithm is proposed in literature [14] , it can remain the edge details and reduce the ambiguity of edge but the result may be added some noise information after the fusion. The algorithm is improved again in literature [15] . A multi-form, multi-scale edge detection algorithm is designed and adaptive weighting coefficients are added by using information entropy. But the edge details of result are too rich and the ability of suppressing noise is poor by using large scale structure elements. The property of small scale structural element is opposite. So the algorithm dose not choice the appropriate coefficient. The use of multi-form structure elements extracts more natural information of the image, but the ability to restrain noise didn't get significant improvement. The algorithm of this paper is an improved algorithm based on literature [15] , so the following calculation formulas in literature [15] are listed as follows:
The edge detection operator is:
The Improved Algorithm of Edge Detection

Theory of the Improved Algorithm
According to the introduction of mathematical morphology and several improved algorithms above, the improved algorithm will be elaborated in detail in this section. Due to the information entropy for elements which have same form and different scale are different and the ability of anti-noising is not same too. First of all, for single form of element: if ij b is the information entropy of edge image for each scale element; ij B is the weight coefficient of each scale element, the subscript i is the serial number of multi-form element, the subscript j is the serial number of multi-scale element and the subscript n is the amount of multi-form elements. We use inverse ratio of information entropy to determine the numerical value of ij B .The calculation formula is as follows:
And then we fuse the several edge detections of each scale which belong to single form element to get the single form serial test results. For other forms of structural elements, the calculation is in accordance with the method above. And then the weight coefficient i A for each signal form is calculated according to the direct ratio of information entropy. If i a is the sum of information entropy for each single form International Journal of Signal Processing, Image Processing and Pattern Recognition Vol. 6, No.5 (2013) structure element, the subscript i is the serial number of multi-form element and the subscript m is the amount of multi-form elements .Then the calculation formula of i A is: , , (11) Through the description of the improved algorithm, a series-parallel edge detector is built in this paper. For each serial sequence, the terminal result is the fusion of image with each form. For each parallel sequence, the terminal is multiplied with the weight coefficient i A .
And the final image is the sum of all the parallel sequence. If the amount of multi-scale elements is m, the amount of multi-form element is n. The series-parallel form of edge detector is shown in Figure 1 : 
. The Image Edge Detection Results of Non-pollution
According to the analysis of simulation results we can see that Canny operator can detect more edge details but there is too much details of the edge, so the edge information is confused. Sobel operator can detect the edge of subject information very well, but it will lose a lot of edge details. Although the edge of the image is thin according to the algorithm in this paper, most of the edge information which is weak can be detected.
Secondly, in order to verify the improved algorithm of this paper has performance improvement in suppress noise, we choose three scenes. The first one is the scene in which the picture is added salt and pepper noise with density of 0.01. The image edge detection result is shown in Figure 3 . Through the analysis of simulation results we can see that Canny operator will also include noise into the edge information. And for Sobel the capability of noise suppression is weak. The algorithm in literature [15] has certain ability of inhibition for noise, but the edge will become blurred. The improved algorithm in this paper can filter most of the noise and retain the information of edge. In the second scene, we add salt and pepper noise whose density is 0.03 in the picture, the simulation results are shown in Figure 4 International Journal of Signal Processing, Image Processing and Pattern Recognition Vol. 6, No.5 (2013) In the third scene, we add salt and pepper noise which the density is 0.03 to the picture. The simulation results are shown in Figure 5 According to the results of algorithm in literature [15] we can see that with the density of noise increasing gradually, the edge information is seriously affected by noise and the edge image is more and more dim. In the case of that the noise is serious, the improved algorithm in this paper will make the edge image appear breakage, the edge image is still clear and most of the noise is filtered. Table 1 is a quality evaluation index of PSNR (Peak Signal to Noise Ratio) and SNR (Signal to Noise Ratio) in order to evaluate the anti-noise performance of the algorithm in literature [15] and the improved algorithm in this paper. Signal-to-noise ratio is the ratio of signal and noise. Peak signal-to-noise ratio is according to the ratio of the max power of signal and the power of noise.
In the experiments, we join in the salt and pepper noise with density of 0.01, 0.03, 0.05 respectively, the results of PSNR and SNR are as follows: In the case of noise with the three densities, the SNR and PSNR of improved algorithm in this paper are greater than the algorithm in literature [15] .That is to say, to evaluate from the data, the improved algorithm enhances the ability of anti-noise greatly.
Conclusion
In this paper, the general algorithm of mathematical morphology edge detection is improved. An algorithm of edge detection based on multi-scale and multi-form is proposed. The purpose is in order to overcome the disadvantage that the anti-noise ability is weak and the edge information is lost of traditional mathematical morphology. And after setting manually several scales and several forms of structural elements in the improved algorithm, the corresponding weight coefficient of the structural elements can be determined automatically according to the information entropy. Eventually the final edge image can be got after image fusion through the series-parallel edge detector. The simulation results can be shown from two aspects of image and data: compared with the general mathematical morphology algorithm, the improved algorithm not only retains more edge information but also improves the ability of anti-noise greatly.
